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Abstract The Rosaceae contains many economically im-
portant crop species, but their genomes are not well char-
acterized, and comparative genetic mapping lags well be-
hind that of other families. To facilitate genome compari-
sons and gene discovery in the Rosaceae, we have begun
the development of genomic resources for peach as the
model genome for this family. First, we developed a sim-
plified, cost-effective method for constructing BAC
libraries, particularly appropriate for plant species of rela-
tively minor economic importance. Second, we used the
library to investigate the abundance and local distribution
of simple sequence repeats (SSRs) in peach. Our results
indicate that microsatellite loci are locally much more
highly abundant than previously estimated, and BAC se-
quencing results suggest that microsatellite repeats are
not randomly distributed within gene-containing regions
of the peach genome. This makes it relatively easy to
identify SSRs in peach by hybridization to BAC clones,
and even by random sequencing of BAC clones, not
known a priori to contain SSRs.

Keywords Microsatellite - Retrotransposon - Rosaceae -
Bacterial artificial chromosome

Introduction

The Rosaceae is economically important in temperate re-
gions. Important fruit-producing crops in the family in-
clude members of the following genera: Malus (apple),
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Pyrus (pear), Rubus (raspberries/blackberries), Fragaria
(strawberries) and Prunus (stone fruits). Of these genera,
Prunus is the most diverse, with a large array of eco-
nomically important fruit (peach/nectarine, apricot,
plum, sweet and sour cherry), nut (almond) and lumber
(black cherry) tree species. Additionally, the Rosaceae
contains a wide variety of ornamental plants including
roses, flowering cherry, crabapple, quince and pear.

Despite the collective importance of Rosaceae crops,
structural and functional genomic characterization of the
member species lags well behind that of other families.
Several factors have contributed to this lack of progress.
First, although these crops collectively are very impor-
tant worldwide, individual crops are of more regional
importance. Additionally, the majority of Rosaceae fruit
crops are trees, and linkage mapping is difficult due to
the field space required and the length of time to flower-
ing and fruiting (at least 2 years). Yet another difficulty
is the polyploid nature of many of the crops: for exam-
ple, cultivated strawberry is octoploid, sour cherry is
tetraploid, and some plum species are hexaploid (Okie
and Weinberger 1996)

In other plant families (most notably the Poaceae),
comparative mapping has accelerated the genetic under-
standing of the individual member crops via the utiliza-
tion of physical mapping resources in rice (Delseny et al.
2001). Within the Rosaceae, however, comparative map-
ping has only begun among Prunus species (peach, al-
mond, sour cherry), and Prunus maps have not yet been
compared to maps of other Rosaceous species. Compara-
tive mapping and gene discovery in the Rosaceae are cur-
rently limited by the low marker density of genetic link-
age maps of member crops and the low level of marker
transfer between maps of different species. Recent studies
have demonstrated the utility of certain types of molecu-
lar markers, in particular simple sequence repeat (SSR)
markers or microsatellites, which are abundant in Prunus
genomes and exhibit sufficient polymorphism to allow
a comparison of maps among populations and species
(Sosinski et al. 2000). However, most Rosaceae maps do
not contain many mapped SSRs, and only recently have


Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.
Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.

ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.2
     Für schnelle Web-Anzeige optimieren: Ja
     Piktogramme einbetten: Ja
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 1200 1200 ] dpi
     Papierformat: [ 595 785 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 600 dpi
     Downsampling für Bilder über: 900 dpi
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: 4
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Warnen und weiter
Einbetten:
     Immer einbetten: [ ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Alles für Farbverwaltung kennzeichnen (keine Konvertierung)
     Methode: Standard
Arbeitsbereiche:
     Graustufen ICC-Profil: Dot Gain 10%
     RGB ICC-Profil: sRGB IEC61966-2.1
     CMYK ICC-Profil: R705-Noco-gl-01-220499-ICC
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Ja

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Nein
     PostScript-Datei darf Einstellungen überschreiben: Ja
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Nein
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Nein

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<
     /ColorSettingsFile ()
     /AntiAliasMonoImages false
     /CannotEmbedFontPolicy /Warning
     /ParseDSCComments false
     /DoThumbnails true
     /CompressPages true
     /CalRGBProfile (sRGB IEC61966-2.1)
     /MaxSubsetPct 100
     /EncodeColorImages true
     /GrayImageFilter /DCTEncode
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /EmitDSCWarnings false
     /CalGrayProfile (Dot Gain 10%)
     /NeverEmbed [ ]
     /GrayImageDownsampleThreshold 1.5
     /UsePrologue false
     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /AutoFilterColorImages true
     /sRGBProfile (sRGB IEC61966-2.1)
     /ColorImageDepth -1
     /PreserveOverprintSettings true
     /AutoRotatePages /None
     /UCRandBGInfo /Preserve
     /EmbedAllFonts true
     /CompatibilityLevel 1.2
     /StartPage 1
     /AntiAliasColorImages false
     /CreateJobTicket false
     /ConvertImagesToIndexed true
     /ColorImageDownsampleType /Bicubic
     /ColorImageDownsampleThreshold 1.5
     /MonoImageDownsampleType /Bicubic
     /DetectBlends false
     /GrayImageDownsampleType /Bicubic
     /PreserveEPSInfo false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ColorConversionStrategy /UseDeviceIndependentColor
     /PreserveOPIComments false
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /ColorImageResolution 150
     /EndPage -1
     /AutoPositionEPSFiles false
     /MonoImageDepth -1
     /TransferFunctionInfo /Apply
     /EncodeGrayImages true
     /DownsampleGrayImages true
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDownsampleThreshold 1.5
     /MonoImageDict << /K -1 >>
     /Binding /Left
     /CalCMYKProfile (R705-Noco-gl-01-220499-ICC)
     /MonoImageResolution 600
     /AutoFilterGrayImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /SubsetFonts false
     /DefaultRenderingIntent /Default
     /OPM 1
     /MonoImageFilter /CCITTFaxEncode
     /GrayImageResolution 150
     /ColorImageFilter /DCTEncode
     /PreserveHalftoneInfo true
     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /ASCII85EncodePages false
     /LockDistillerParams false
>> setdistillerparams
<<
     /PageSize [ 595.276 841.890 ]
     /HWResolution [ 1200 1200 ]
>> setpagedevice


1152

Table 1 Current genome maps

of Rosaceae species Species Reference Map specifics

No. of markers Map size
Peach Chaparro et al. 1994 83 396 ctM
Rajapakse et al. 1995 64 465 cM
Lu et al. 1998 157 1,400 cM

Dirlewanger and Bodo 1994
Dirlewanger et al. 1998 249 712 cM
Shimada et al. 2000 83 960 cM
Peach/Almond Foolad et al. 1995 100 800 cM
Cherry Wang et al. 1998 161 508 cM
Apricot Hurtado Ruiz 1999 115 570 cM
64 448 cM
Prunus (general) Joobeur et al. 1998 213 491 cM
Almond Viruel et al. 1995 69 394 cM
93 393 cM
Joobeur et al. 2000 126 415 cM
99 416 cM
Apple Hemmat et al. 1994 300 1,120 cM
Maliepaard et al. 1998 984 cM
Strawberry Davis and Yu 1997 88 450 cM
Rose Rajapakse et al. 2001 171 902 cM

laboratories begun to invest heavily in developing this
marker base (Cipriani et al. 1999; Joobeur et al. 2000;
Sosinski et al. 2000). In contrast, a number of Rosaceae
maps have been developed with other marker types, in-
cluding RFLPs, RAPDs and AFLPs (Table 1). These
maps are marker dense, they cover substantial portions of
the genome and, in the case of AFLP markers, they can
be generated quickly and efficiently.

The process of comparative genomics and gene dis-
covery in the Rosaceae could be greatly accelerated by
the development of a well-characterized genomic re-
source for a Rosaceae model species. This resource
would consist of three fundamental units: a physical
map, integrated genetic marker maps, and mapped ESTs
(Expressed Sequence Tags). A physical map would serve
as the foundation on which the genetic marker and EST
information could be layered. Placement on a common
physical map of molecular markers from genetic maps of
the various species would enable alignment of these
maps and facilitate the identification of genomic regions
containing important loci, thus speeding the process of
gene tagging and discovery. Peach is a logical candidate
model species for the Rosaceae, because it is diploid
with a relatively small genome [haploid size of 300 Mb
(Baird et al. 1994)] and, though a tree species, it has a
comparatively short juvenile period (2 to 3 years). For
these reasons, we have produced a BAC library of the
peach genome and are currently constructing contigs
containing mapped molecular markers from various Pru-
nus species as a way of initiating construction of a physi-
cal map, while simultaneously integrating information
from genetic maps of various rosaceous species. Here we
report a significantly simplified procedure for BAC
library construction, and the utilization of the library for
assigning a range of mapped molecular markers to physi-
cal map contigs and for examining the abundance, types,
and distribution of SSRs in the peach genome.

Materials and methods
BAC library construction

High-molecular-weight (50-300 kb) DNA was extracted in solu-
tion from leaves of the peach rootstock Nemared by a method sim-
ilar to that outlined in ten Lohuis et al. (1993). Specifically, 25 g
fresh of leaf tissue was homogenized in 200 ml of ice cold 1 x HB
(0.5 M sucrose, 10 mM Tris base, 80 mM KCI, 10 mM EDTA,
1 mM spermidine, 1 mM spermine, pH 9.4) plus 0.15% beta-mer-
captoethanol, for 30 s in a Waring blender. This material was
squeezed through two layers of cheesecloth and one layer of Mira-
cloth (Calbiochem) into a cold 250-ml centrifuge bottle (it is easi-
er to strain through cheesecloth first, then through Miracloth).
After the addition of 5 ml (4:1) of 1 x HB:Triton X-100, the bottle
containing the mixture was incubated on ice for 20 min. Nuclei
were recovered by centrifugation at 3,300 rpm in a Sorvall GSA
rotor for 20 min at 4 °C and the supernatant was discarded. The
nuclei were resuspended in 1 ml of ice cold 1 x HB plus 0.5%
Triton X-100 using a paint brush and transferred into a 50-ml
Oakridge tube with an additional approximately 30 ml of the
HB-Triton solution. Nuclei were recovered by centrifugation at
3,300 rpm in a Sorvall HB4 rotor for 15 min at 4 °C (this washing
step may be repeated). The washed nuclei were suspended as be-
fore in 1 ml of 1 x HB plus Triton, then lysed by the addition of an
equal volume of lysis buffer (50 mM Tris pH 8, 10 mM EDTA,
2% Sarkosyl). Cesium chloride was dissolved in the lysate (0.97 g
of CsCl per ml of lysate). The solution was transferred to a Corex
tube, centrifuged in a Sorvall SS34 rotor at 8,000 rpm for 20 min
at 4 °C to remove protein, and subsequently transferred to an
ultracentifuge tube and centrifuged for 2.5 days at 20 °C and
175,000 g. No ethidium bromide was used in the gradient. Frac-
tions were collected from the gradient using cut-off pipette tips to
avoid shearing the DNA. DNA-containing fractions were identi-
fied by diluting 2 ul of each fraction in 3 ul of water and electro-
phoresis on a 0.8% agarose gel. Positive fractions were dialyzed
against TE (10 mM Tris, 1 mM EDTA pH 8) to remove Cesium
chloride. DNA was concentrated by ethanol precipitation, hooked
out with an end-sealed, bent Pasteur pipette, and resuspended in
TE. This solution was stored at 4 °C. We have found high-molecu-
lar-weight DNA prepared and stored in this manner to be stable
for at least 2 years.

DNA was partially digested with HindIIl by incubating
500 ng of DNA (estimated spectrophotometrically) with 0.1 units
of enzyme for 20 min at 37 °C, then incubating for 15 min at



65 °C to inactivate the enzyme. The digested DNA was electro-
phoresed on a conventional mini-agarose gel (0.5% SeaKem
GTG agarose in 1 x TAE, 40 mM Tris-acetate,] mM EDTA,
pH 8.0) at 100 V for 1 h at room temperature, using autoclaved
running buffer. Before use, the gel apparatus was cleaned with
2% abSolve (NEN Research Products) and rinsed with sterile dis-
tilled water. Marker lanes were cut from the gel and stained with
ethidium bromide; notches were cut in the stained gel to mark the
migration of uncut lambda DNA (approximately 50 kb). The
stained and unstained parts of the gel were aligned and a gel slice
containing fragments larger than 50 kb was cut from the un-
stained part of the gel. These fragments were electroeluted from
the gel into dialysis tubing for 2 h (Sambrook et al. 1989), con-
centrated by Centricon 100 (Millipore) spin dialysis, and ligated
into pBeloBACI11. Ligation reactions contained approximately
40 ng of vector in an estimated five-fold molar excess over insert
DNA, and 4.2 units of T4 DNA ligase (Promega) in a 100-ul re-
action volume, and were incubated overnight at 16 °C. The liga-
tions were then either spin dialyzed (Centricon 100) or “dialyzed”
by pipetting into depressions in autoclaved 0.1 M glucose solidi-
fied with 1% SeaKem LE agarose and incubating on ice for
90 min (Jose Luis Goicoechea, personal communication). Liga-
tion products were introduced into Escherichia coli strain DH10B
(Electromax, Gibco BRL) by electroporation using a BRL Cell-
Porator and Voltage Booster set at 320 V, 330 uF, Impedance
Low Ohms, Fast charge rate and 4 K Ohms resistance. The cells
were added to 400 ul of SOC and incubated, shaking, at 37 °C for
1 h; then a portion of the transformation was plated on selective
media (LB plus chloramphenicol, IPTG and X-Gal). Selected
clones were grown up and their DNA extracted (see method be-
low) and electrophoresed undigested or digested with either
HindIIl or Notl, to verify the presence of large inserts prior to
transforming and plating large numbers of clones for the library.
Plates were grown overnight at 37 °C, then held for an
additional day in the dark at room temperature to permit the color
to develop sufficiently for detection by the robot. The resulting
clones were robotically arrayed by a Genetix Q-Bot into 384-well
plates and stored at —80 °C (Choi et al. 1995).

Hybridization

Clones from the peach BAC library plates were robotically
arrayed in duplicate on two and one half 22 x 22 cm Hybond N+
(Amersham) filters for hybridization. One library filter set was se-
quentially hybridized with tomato cDNA clone pTC11 (Mao et al.
2001), peach cDNA clone pP3Mi22, and peach AFLP-derived
STS clone EAA/MCAT10 (Lu et al. 1999). Additional filter sets
were also hybridized with peach molecular markers (cDNA, RFLP
and AFLP, see Table 2). Probes were labelled with a32P dCTP by
the method of random priming (Feinberg and Vogelstein 1983).
Additionally, 26 randomly selected peach BAC clones were manu-
ally replicated onto 100 cm-diameter round Hybond N+ filters for
colony hybridization. These filters were probed separately with
(GT),p, (CT),y and (AGG),, oligonucleotide probes end-labelled
with y33P-ATP using T4 polynucleotide kinase (Promega). After
2 h of prehybridization in 7% SDS, 0.25 M sodium phosphate
buffer (pH 7.4), hybridizations were carried out overnight in the
same solution. Prehybridization and hybridization temperatures
were 60 °C (tomato cDNA probe), 65 °C (peach probes) or 55 °C
(oligonucleotide probes). Filters were then washed twice at the
hybridization temperature, each time for 20 min, in 2 x SSC, 0.1%
SDS:; filters hybridized with peach probes were washed two addi-
tional times (15 min each) in 0.3 x SSC, 0.1% SDS. Hybridization
signals were detected autoradiographically using Kodak XAR
film.

BAC DNA prepared from positive clones was digested with
HindllI, electrophoresed on 0.8% SeaKem LE agarose and stained
with ethidium bromide. Southern transfer of the DNA to Hybond
N+ membranes was performed using the manufacturer’s Alkaline
Transfer Protocol. Southern blots were hybridized with the appro-
priate probe as described for colony blots.
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BAC DNA extraction

Peach BAC DNA was extracted by a modified alkaline-lysis pro-
cedure (Jose Luis Goicoechea, personal communication): clones
were grown overnight in 5 ml of LB broth and harvested by cen-
trifugation in a Beckman GPR centrifuge, GH-3.7 swingout rotor
for 10 min at 4 °C. Pelleted cells were resuspended in 0.3 ml of
GTE (50 ml of glucose, 25 mM Tris pH 8, 10 mM of EDTA pH 8)
containing 0.1 mg/ml of RNase A, transferred into microfuge
tubes, and lysed by adding 0.3 ml of 0.2 N NaOH/1% SDS and in-
cubating at room temperature for 2.5 min. The lysates were neu-
tralized by adding 0.3 ml of 3.0 M potassium acetate, pH 4.8.
Following a 5-min incubation on ice, cellular debris was removed
by centrifugation in a microfuge for 5 min at room temperature.
BAC DNA was precipitated by adding 0.7 vol of isopropanol.
Larger-scale BAC DNA extractions (50-500 ml culture volume)
were additionally purified on cesium chloride density gradients
using a Beckman TL100 ultracentrifuge.

Subcloning and sequencing

For sequencing, BAC DNA was digested with Hindlll, and the re-
sulting fragments were ligated into pUC119 and transformed into
Escherichia coli strain DH5a by calcium/heat shock (Sambrook et
al. 1989). Plasmid DNA for sequencing was prepared using a pro-
tocol very similar to the one described above for BAC DNA, fol-
lowed by precipitation from 0.4 M NaCl, 6.5% PEG. Subclones
were sequenced using ABI’s Dyedeoxy terminator cycle sequenc-
ing kit and an ABI 373A or 377 DNA sequencer, or Amersham’s
Thermosequenase kit and a Licor 4200L sequencer. Sequences
were assembled using Sequencher 3.1.1 software (GeneCodes

Corp.).

SSR amplification

For selected SSR loci identified in BAC sequences (see Table 3),
primers were designed to complement flanking sequences using
the program Primer3 (Rosen and Skaletsky 1998). SSR loci were
amplified from 4 ng of peach genomic DNA in 10-ul reactions
containing 10 mM of Tris—HCI (pH 8.3), 50 mM of KCI, 1.5 mM
of MgCl,, 200 uM of each dNTP, 0.2 uM of each primer, and
0.5 U of Tag polymerase. After an initial denaturation at 94 °C for
4 min, the reactions were subjected to 32 cycles of 94 °C for 30 s,
50 °C for 30 s and 72 °C for 30 s, followed by a final extension at
72 °C for 5 min. Each locus was evaluated for amplification and
polymorphism in peach rootstocks Lovell and Nemared, by elec-
trophoresing the PCR products on 3% (3:1 Nusieve GTG:Seakem
LE) agarose gels and staining with ethidium bromide. If no differ-
ences were resolvable on agarose gels, the amplifications were
repeated using a radiolabelled primer, as described in Sosinski et
al. (2000)

Results
BAC library construction

To initiate genomic resource development in peach, we
constructed a peach BAC library using pBeloBAC 11
and large genomic DNA fragments isolated by a simpli-
fied CsCl gradient procedure, with conventional gel elec-
trophoresis for size selection of partially digested DNA.
Once this method was optimized for peach, actual library
construction was completed in 2 weeks. The Nemared
peach library consists of 44,160 BAC clones. Insert size
averaged 50-70 kb and ranged from 50 kb to over
100 kb (Fig. 1). Assuming a haploid genome size of
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Fig. 1 Ethidium bromide- M
stained pulsed-field gel of
eight peach BAC clones
digested with Notl. Clones
11B16,12D18, 65B18 and
70H22 hybridized with peach
AFLP probe AT/CTA; clone
18F12 hybridized with AFLP

probe AT/CAC; and clones 194kb —
65A3, 102J8 and 106F24
hybridized with AFLP probe 1455kb —
TT/CCA
97kb —
485kb

Fig. 2 Peach BAC clones
selected by hybridization with
peach cDNA clone P3Mi22
(BAC clones 1M3, 13E12,
24E3 and 54C18) or tomato
c¢DNA clone pTC11 (BAC
clones 18B20, 31C7, 3501
and 92L14), digested with
HindIlI; the molecular-weight
marker (lane 1, M) is phage
lambda DNA digested with
HindlIIl. Ethidium bromide-
stained agarose gel

300 Mb (Baird et al. 1994), this theoretically represents a
greater than eight-fold coverage of the peach genome.
Hybridization of the library with RFLP, AFLP and
cDNA probes yielded from 1 to 14 clones per probe,
with an average of 4.6 library clones detected by a given
probe sequence (Table 2). Some of these probes, AC37
for example, may hybridize to more than one genomic
region (Joobeur et al. 1998), but others appear to be sin-
gle-copy. When co-hybridizing sets of BAC clones were
digested and -electrophoresed, multiple co-migrating
bands were shared within a set but not between sets of
clones (Fig. 2). This provided additional evidence of
overlapping sequences between clones hybridizing with
the same probe and permitted their ordering in contigs as
well as the estimation of contig sizes. The average size
of nine such non-singleton contigs (each comprising 2 to
10 co-hybridizing BACs) was estimated to be 69.7 kb.

12D18 18F12 70H22 65B18 102]J8 106F24 65A3 11Bl6 M

1M3
13E12
24E3

54C18
18B20
31C7
3501

921.14

SRR I E])
1o
)
monm

Occurrence of SSRs in BAC clones

SSR abundance in localized genomic regions of peach
was evaluated by Southern hybridization of end-labelled
oligonucleotide probes to peach BAC clones. Colony hy-
bridization of 26 randomly chosen BAC clones yielded
5, 10 and 20 clones positive for (AGG),, (GT), and
(CT),,, respectively. Only four clones were negative for
all three probes, indicating that over 80% of the peach
BACs contained at least one SSR. Two of the non-
hybridizing clones appeared to contain several copies of
a 9.6-kb tandem repeat. Hybridization of the appropriate
repeat probe to Southern blots of HindIlI-digested BACs
positive for either the (CT), or (GT), probes revealed
that each BAC tested had one to four fragments contain-
ing (CT) repeats, and one to four fragments containing
(GT) repeats (Fig. 3).



Fig. 3A-C Randomly chosen
peach BAC clones hybridizing
with (CT) and (GT) repeats.

A Ethidium bromide-stained
gel of BAC DNAs digested
with HindlIlIl; the molecular-
weight marker (lane 8) is phage
lambda DNA digested with
HindlIlII. B Southern blot of
lanes 1-7 of the gel, probed
with a (CT),, oligonucleotide
end-labelled with y33P-ATP.

C Southern blot of lanes 9-11
of the gel, probed with a (GT),,
oligonucleotide, end-labelled
with y33P-ATP. Note that lanes
9-11 repeat lanes 3, 6, and 7

Table 2 Molecular genetic markers assigned to physical map contigs

A

1 2345 67 8 91011 1

Probe type Probe Genetic map  No. of BACs
Peach AFLP AT/CAC 1
Peach AFLP AT/CTA 4
Peach AFLP EAA/MCAT10 Rootstock 1
Peach AFLP TT/CCA 3
Peach cDNA pP3Mi22 4
Peach RFLP B2D4 ‘WVa 1
Peach RFLP B4A9 WVa 9
Peach RFLP B4F12 WVa 4
Peach RFLP B4G10 WVa 1
Peach RFLP B6HI11 WVa 3
Peach RFLP B7D1 WVa 3
Peach RFLP B7H6 WVa 1
Peach RFLP B8A3 WVa 10
Prunus RFLP ACI10 Prunus 4
Prunus RFLP ACI13 Prunus 3
Prunus RFLP AC31 Prunus 4
Prunus RFLP AC33 Prunus 4
Prunus RFLP AC37 Prunus 14
Prunus RFLP AC43 Prunus 7
Prunus RFLP ACS55 Prunus 2
Prunus RFLP AG2 Prunus 5
Prunus RFLP AGI2 Prunus 11
Prunus RFLP AG33 Prunus 13
Prunus RFLP AG35 Prunus 6
Prunus RFLP AG37 Prunus 5
Prunus RFLP AG43 Prunus 5
Prunus RFLP AG44 Prunus 1
Prunus RFLP AG56 Prunus 1
Prunus RFLP AGI105 Prunus 7
Prunus RFLP OLE Prunus 5
Prunus RFLP Pij Prunus 4
Prunus RFLP Prul Prunus 2
Tomato cDNA  pTCl11 4
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Distribution of SSRs within BAC clones

SSR distribution was examined in sequences of three
BAC clones. In each case, no effort was made to identify
SSR-containing regions prior to sequencing. First, peach
BAC clone PpN31C7 was sequenced in its entirety. This
BAC was one of four overlapping BAC clones that hy-
bridized with tomato clone pTC11, a cDNA from a gene-
rich region of tomato (Mao et al. 2001). The 48,844-bp
genomic sequence of PpN31C7 contained 22 SSR loci:
12 (T,/A,), nine [(CT),/(GA),] and one [(TA),/(AT),],
where n is greater than or equal to ten. The sequence
also contained nine regions with highly significant
(E-values less than le-18) BLASTX similarity (i.e., sim-
ilarity found by searching protein databases with concep-
tual translations of the query sequence in all possible
reading frames) to sequences in Arabidopsis thaliana
and other species. As shown in Fig. 4, likely gene se-
quences are concentrated in one half (0-25 kb) of the se-
quence and SSRs are concentrated in the other half
(25-48.4 kb). The two putative gene sequences in the
latter half were similar to reverse transcriptase (2e-15)
and pol polyprotein (le-18), respectively. To determine
if these results were unique to this one region, two addi-
tional BAC clones were subjected to partial sequencing.
One was selected from a contig that hybridized with
peach cDNA probe pP3Mi2, thus we knew that this
region contained genes. In an approximately 8,600-bp
combined (non-contiguous) sequence, one compound
repeat [(CT),;(CA);3s] and one interrupted repeat
[(TTA),N,4(TTA),5] were identified. The final BAC
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Fig. 4 Map of peach BAC
clone PpN31C7. Putative gene
regions are represented by
shaded boxes; open circles

Peach BAC PpN31C7

denote SSRs SSRs o o oo 0 00 @ ¢+ ] 000 @o
Genes W & E mE = u 1B
l ] ] | | |
| | | | | |
0 10 20 30 40 48.8 kb
Table 3 SSRs derived from sequencing of Peach BAC clones
Name Repeat type Primers Expected Polymorphism
Nemared product detected?
(bp)
pchgms26 (TTA);5 5'-TTTGATAGGATCCCAAGGGTA-3’ 341 Yes
5'-TTGGCTGGCAGTTATCATCA-3'
pchgms30 (TA) 4 5'-CATAAGGCTATTTGAGTGGCGCA-3’ 213 Nob
5'-CTTAGTTCCCCTATATTCCGTTTTC-3'
pchgms31 (CT)y, 5'-TATCAGGTAAGGACCACTG-3' 146 Yes
5'-GCTGCCGACGCTGTCAATTTC-3'
pchgms32 (CT),; (CA) 5 5'-TTGCTCTGTTGATTGGTGCT-3' 195 Nob

5'-GATGAACTGCATGAGCGAAA-3'

2In Peach rootstocks Lovell and Nemared

clone chosen hybridized with a peach AFLP probe
EAA/MCAT10 and a priori we had no reason to suspect
that this was a gene-containing region. In approximately
8 kb of sequence, one (TTA);; SSR was identified.
Primers have been designed to amplify four of these SSR
regions, and two detected differences between peach
rootstocks Lovell and Nemared (Table 3).

Discussion

At the heart of any genomic resource is the existence of
large insert clone libraries. However, published proce-
dures for large insert library construction are technically
challenging and expensive. To initiate the development
of genomic resources in peach, we have constructed a
useful, general purpose BAC library from peach DNA
extracted and handled in solution. This method produced
very clean, reasonably large DNA that, unlike DNA in
nuclei embedded in agarose beads or plugs, was readily
digested with very small amounts of restriction endonu-
clease. Size selection on conventional agarose gels al-
lowed the use of inexpensive, universally available appa-
ratus, and greatly reduced the electrophoresis run time,
at the cost of reduced ability to resolve very large frag-
ments of DNA. This approach significantly streamlines
BAC library construction and yields libraries having in-
sert sizes adequate for most applications. In our case, the
relatively small genome of peach enabled good sequence
representation (8-fold coverage) with a reasonable num-
ber of clones (44,000) of modest length (60 kb). For
comparison, the peach scion BAC library of Wang et al.

bPolymorphisms were detected in other peach rootstocks or vari-
eties (A. Blenda, personal communication) or in Rose (L. Zhang,
personal communication)

(2001) contains 21,000 clones with an average insert size
of 95 kb for an expected 7-fold coverage of the genome.

In light of the utility and need of SSR markers, one of
the first steps taken to characterize the new BAC library
involved SSRs. Our previous estimates of the frequency
of SSRs in peach involved screening non-enriched
cDNA and small-insert genomic libraries (Sosinski et al.
2000). These estimates reflect the overall abundance of
SSRs in peach, but necessarily provide no information
on their genomic distribution. Overall, CT/GA repeats
were estimated to occur every 100 kb, CA/GT repeats
every 420 kb, and AGG/TCC repeats every 700 kb in the
peach genome. Cipriani et al. (1999) identified SSRs in
the peach genome utilizing enriched genomic libraries,
so no estimate of SSR frequency was possible from their
results; however, they also found that CT/GA repeats
were more common than CA/GT repeats.

Having a large insert BAC library enabled us to eval-
uate SSR abundance and distribution in localized
genomic regions of peach. Colony hybridizations of
randomly chosen BACs suggested that SSRs occur with
a frequency of at least one CT/GA locus every 78 kb, at
least one CA/GT locus every 156 kb, and at least one
AGG/TCC locus every 312 kb, assuming an average
BAC insert size of 60 kb. This is significantly higher
than initially estimated from plasmid library hybridiza-
tions (Sosinski et al. 2000). However, these averages
can be misleading, as both Southern hybridization and
sequence analysis provide evidence that individual
BACs may contain different classes of repeat and more
than one unit of a given repeat class, and thus that the
repeat units may be clustered in the genome.



Further evidence for the density and clustering of
SSR loci in peach was obtained by sequencing a gene-
containing region (BAC clone PpN31C7). Mononucle-
otide T/A runs were found at a frequency of one per 4 kb
of sequence; one CT/GA repeat locus was discovered per
5.4 kb of sequence, and one TA/AT locus per 49 kb of
sequence. These values represent the overall density of
SSRs in this clone; however, all but two of the SSRs
were found in a region of the clone with a lower density
of putative genes. This region also appeared to contain
the remains of a retrotransposon (fragments of genes for
reverse transcriptase and pol polyprotein). The abun-
dance and distribution of SSRs in this peach genomic re-
gion resembles that in other plant species. In A. thaliana,
almost one-third of all SSRs were of the mononucleotide
T/A class, and almost two-thirds of all SSRs were found
in intergenic regions (Cardle et al. 2000). A high per-
centage of barley SSRs were found to be associated with
retrotransposons and other dispersed repetitive elements
(Ramsay et al. 1999). Likewise, many spruce SSRs ap-
pear to be embedded in repetitive DNA (Morgante et al.
1996); however, these, like long SSRs associated with
centromeric repeats in tomato (Areshchenkova and
Ganal 1999), appear less likely to be suitable for genetic
mapping.

Having a peach BAC library enabled us to begin
developing a well-characterized genomic resource for
the Rosaceae. Primers were designed to amplify four of
the SSRs that were identified by sequencing BAC
clones, and these loci are currently being utilized as
markers in Rosaceae programs worldwide. When placed
on genetic maps, these markers will facilitate alignment
of these maps with physical map contigs from the BAC
library described in this study. Likewise, a range of
peach cDNA, RFLP and AFLP markers, many already
placed on genetic maps, were readily assigned to physi-
cal map contigs (Table 2). These markers can serve as
anchors for integrating genetic and physical genomic
resources.

In summary, as we initiate development of integrated
genomic resources for Rosaceae, we developed a simpli-
fied, cost-effective method for constructing BAC li-
braries, particularly appropriate for plant species of rela-
tively minor economic importance. The results of initial
studies with a peach BAC library provided information
about the overall abundance and distribution of SSR
markers; identification of SSR loci by hybridization or
sequencing of randomly selected BAC clones; and the
assignment of previously developed molecular markers
(many already placed on genetic maps) to physical map
contigs. This information is already being used to inte-
grate rosaceous maps, identify genomic regions contain-
ing genetic loci for economically important traits, and
develop polymorphic SSR markers for future mapping
and genotyping projects. Thus, such peach BAC libraries
can be used to further characterize the genomes of
Rosaceae crop species, increasing our understanding of
these important “minor” crops and our ability to wisely
utilize their genomic resources for crop improvement.
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